A monoclonal antibody enzyme-linked immunosorbent assay (ELISA) was developed to detect Cryptosporidium parvum oocysts in bovine feces. Fecal oocysts were concentrated by centrifugation through Formalinethyl Cryptosporidiosis, caused by the sporozoan Cryptosporidium parvum, has emerged as an important disease of humans and calves (3, 11-13, 15, 20, 25). Infection of immunocompetent humans results in self-limiting diarrhea and most often occurs in travelers, infants in day-care settings, and individuals working with cattle or other livestock. In contrast, immunodeficient patients with cryptosporidiosis experience severe diarrhea which may be life-threatening (11-13, 15, 25). Persistence of infection, in conjunction with absence of reliable chemotherapy, accounts for the severity of disease in immunodeficient patients (11) (12) (13) 15 ) and has stimulated investigation of passive immunotherapy as a means of treating cryptosporidial infections (9, 14, 34, 45) .
Cryptosporidiosis, caused by the sporozoan Cryptosporidium parvum, has emerged as an important disease of humans and calves (3, 11-13, 15, 20, 25) . Infection of immunocompetent humans results in self-limiting diarrhea and most often occurs in travelers, infants in day-care settings, and individuals working with cattle or other livestock. In contrast, immunodeficient patients with cryptosporidiosis experience severe diarrhea which may be life-threatening (11-13, 15, 25) . Persistence of infection, in conjunction with absence of reliable chemotherapy, accounts for the severity of disease in immunodeficient patients (11) (12) (13) 15) and has stimulated investigation of passive immunotherapy as a means of treating cryptosporidial infections (9, 14, 34, 45) .
Cryptosporidiosis in cattle was first reported in 1971 (32) . It is now recognized as a common infection, observed primarily in young calves from birth to 30 days of age (3, 15, 20, 23, 31) . C. parvum is one of the major causes of neonatal diarrhea in calves and thus contributes to significant economic loss to the beef and dairy cattle industries (23) . C. parvum oocysts, which are widely distributed in the environment of many cattle operations, are ingested by the newborn calf. Following an incubation period of 72 to 96 hours, diarrhea is observed for 2 to 10 days, during which time oocysts are demonstrable in feces. Oocyst shedding continues for a variable number of days following cessation of diarrhea.
Diagnosis of cryptosporidiosis is based on detection of fecal oocysts. Detection methods include concentration (4, 7, 8, 18, 22, 24, 27, 33, 39, 46, 47, 49) , staining of fecal smears (5-8, 10, 18, 19, 21, 30, 35, 36, 42, 43) , latex agglutination immunoassay (37) , and demonstration by immunofluorescence using monoclonal or polyclonal antibodies reactive with C. parvum oocysts (5, 17, 26, 40, 41, 44) . Here we report the development of a monoclonal antibody (MAb)-based capture enzyme-linked immunosorbent assay (ELISA) for the detection of C. parvum oocysts in bovine feces.
MATERIALS AND METHODS
Production of polyclonal and monoclonal antibodies to C. parvum oocysts. Oocysts were isolated from bovine feces by a combination of sieving, ether extraction, and sodium hypochlorite digestion as previously described (39) . An adult female goat was immunized, intramuscularly, three times at biweekly intervals with 2 ml containing 108 oocysts incorporated in monophosphoryl lipid A-trehalose dimycolate adjuvant (Ribi Immunochemical Research, Inc., Hamilton, Mont.). The titer of serum from this goat was 1:20,000 when evaluated on isolated oocysts in an indirect immunofluorescence assay (39) . Preimmunization goat serum was used as a control in all ELISA results included in this report. The control serum did not react with C. parvum oocysts by immunofluorescence when tested at a dilution of 1:50.
MAbs were produced as previously described (38) . Ascites fluids containing oocyst-reactive MAb were produced by intraperitoneal injection of 107 cloned hybridoma cells into BALB/c mice previously conditioned by intraperitoneal injection of pristane. Immunoglobulin content of ascites was determined by radial immunodiffusion (TAGO, Burlingame, Calif.). Pooled ascites fluids were clarified and delipidated as previously described (29) . Immunoglobulin M (IgM) was precipitated with 10% polyethylene glycol 6000, and the precipitate was dissolved in 0.02 M phosphate-buffered saline (PBS) (pH 7.4) containing 0.5 N NaCI. IgM concentration was determined by single radial immunodiffusion. The reactivity of the MAb against C. parvum oocysts and isolated sporozoites was assessed by Western blots (immunoblots) as previously described (38) . Since oocysts contain four sporozoites, 1.25 x 109 solubilized oocytes per ml and 5 x 109 isolated and solubilized sporozoites per ml were compared to provide equivalent sporozoite quantities. Preparation of fecal samples for analysis. Three sources of bovine feces were analyzed in this study. The first consisted of normal feces collected from 1-day-old calves prior to infection with C. parvum. These feces were diluted (1 g in 10 ml of PBS) and mixed well to obtain material with the consistency of diarrheic feces. Known numbers of isolated C. parvum oocysts were added to samples of this preparation. The second source of feces was from cattle naturally or experimentally infected with Cryptosporidium spp. or with Eimeria spp. Feces containing C. parvum oocysts were obtained from calves in New York, Florida, and Washington. Feces containing C. parvum and Cryptosporidium muris-like oocysts (1) were obtained from cattle in Idaho. The third source of feces was from three calves experimentally infected at 3 to 6 days of age with 108 C. parvum oocysts. Daily fecal specimens were collected from each calf prior to and for 13 days after oral exposure to oocysts. These samples were used to evaluate the kinetics of fecal oocyst shedding following experimental infection.
Specimens were processed as follows (48) . Ten milliliters of well-mixed feces was sieved through several layers of gauze into a 15-ml conical polypropylene tube (Sarstedt, Princeton, N.J.) and centrifuged at 500 x g for 2 min. All supernatant was discarded, as well as the pellet down to the 0.75-ml mark of the tube. Nine milliliters of neutral buffered 10% Formalin was added to the tube, followed by 4 ml of ethyl acetate (Baker Chemical Co., Sanford, Maine). The tube was tightly capped and shaken vigorously for 30 s to completely suspend the pellet. The tube was centrifuged at 450 x g for 2 min. All supernatant was discarded, and the pellet was suspended in 0. 5 (38) . It binds to oocyst antigen migrating with an apparent molecular mass of 40 kDa when analyzed by Western blots (Fig. 1, lane  1) . No reaction was observed when the antibody was tested with isolated sporozoites in numbers equivalent to those contained within oocysts (Fig. 1, lane 2) .
Assay configuration. Figure 2 shows the relationship of fecal oocyst numbers to OD492 observed in the ELISA procedure. The oocysts formed a virtual monolayer when feces contained 2107 oocysts per ml. The OD492 observed with control goat serum probably reflect absorbance of light by oocysts, as no color was visible by VOL. 28, 1990 on October 28, 2017 by guest http://jcm.asm.org/ Downloaded from direct observation. Positive results were readily visualized by direct observation when oocyst numbers were 3 x 105/ml of feces or greater.
The comparative sensitivities of three assays for detecting fecal oocysts were determined. ELISA results are analyzable immediately on completion of the assay. The test was more sensitive in detecting oocysts (3 x 105/ml of feces) than was microscopic examination of acid-fast-stained fecal smears (1 x 106/ml of feces) when performed by a trained technician examining slides at x400 magnification. The indirect immunofluorescence assay was more sensitive (103 oocysts per ml of feces) than ELISA, when smears were diligently examined at x400 magnification by a trained technician.
Different geographical isolates of C. parvum oocysts were also evaluated (Table 1) . Oocysts were detected by ELISA in feces from calves infected with Florida, New York, and Washington isolates of C. parvum. Specificity was assessed by evaluating feces from calves infected with Eimeria bovis, E. zuernii, E. ellipsoidalis, and E. auburnensis. The results presented in Table 1 show the assay is specific for Cryptosporidium sp. oocysts. Similar studies were performed on feces from adult cattle containing C. parvum oocysts and oocysts with the morphologic characteristics of C. muris. Positive reactions were obtained, as would be expected from the presence of C. parvum oocysts in the samples. However, Assessment of oocyst shedding in calves experimentally infected with C. parvum. Figure 3 shows results of fecal oocyst shedding in three calves infected on day 0 with 108 C. parvum oocysts. Calf 95 never demonstrated diarrhea following infection, and only small numbers of oocysts were detected on days 4 and 7 postinfection. Calf 102 exhibited diarrhea on days 4 to 6 and excreted detectable numbers of oocysts on days 4 to 9 postinfection. Calf 103 excreted detectable numbers of oocysts and had diarrhea on days 4 to 9 following exposure to oocysts. All samples from a single calf were analyzed at one time, but the assays for each calf were performed on separate days. An oocyst antigen standard was included with each assay. The mean OD492 for the standard was 0.641, and the coefficient of variability for the three test days was 3.28%.
DISCUSSION
The results presented in this report describe a new assay for detecting C. parvum oocysts in bovine feces. The assay depends on a MAb to capture oocysts from fecal concentrates. The MAb employed reacts with an oocyst antigen with an apparent molecular mass of 40 kDa and has sufficient affinity to bind and retain oocysts throughout the incubation and wash steps required to perform the ELISA.
The assay is rapid and simple to perform. A two-step centrifugation procedure applied to fecal specimens prior to assay removes fecal debris, concentrates oocysts, and reduces background reactivity. (16) .
We found the test did not distinguish C. parvum from C. muris-like oocysts. The latter organism has been demonstrated to infect the abomasum of adult cattle (1) Cryptosporidium parvum is known to infect several mammalian species including humans, and bovine sources of C. parvum have been reported to cause disease in laboratory personnel, veterinary students, and livestock workers (2, 11-13, 15, 25) . We have used the ELISA to detect C. parvum oocysts in diarrheic feces from calves, Ilamas, and young horses with severe combined immunodeficiency. The assay may also prove useful for diagnostic assessment of humans in which cryptosporidiosis is suspected.
